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10 minutas. ............... .35 i 
15 minutes.. ............... i 0  I 
80 minutes ................. 1 . 3  I 
25 niinutes ................. 1. ti3 
30 minutes ................. 1.9s 

40 ininutw ................. 2.33 
45 mindteir ................. 2.44 
50 niinutes ................. 2.54 
r j  minutes. ................ 2. GG 
SO minutes ................. 2.97 

The total loss from this storm is eaimated at about 
$60,000, at least two-thirds of which amount was to 
city streets. Fortunately, in this storm no lives were 
lost, as on July 9.-J. H. Spencer. 

SOME BROADER ASPECTS OF RAIN INTENSITIES IN 
RELATION TO STORM-SEWER DESIGN. 

By ROBERT E. HORTON. 
[ .t hstrocted from lunlclpaland Coonty Engineering, June-July, 1919,I’. 12 pp., I6 flga.1 

Owing to the large number of rainfall intensity formub 
which are used in various localities in storm-sewer design, 
the author was led to make a study of them, with special 
relation to the underlying physical and meteorological 
causes of escessive rainfall. After defining the terms 
“rainfall rate” and “rainfall intensity” and pointing out 
the distinction of the two terms, namely, that “rate” 
iniplies quantity per unit of time, whereas “intensity” 
implies a quantity in a given time intpval, the author 
esplains the notation employed in formulse and 

The mechanism of the thunderstorm is then discussed, to- 
gether with the character of the rainfall rates of dXerent 
types of stornis, tropical rainfall, and. the fre uency 
curves of excessive rains in New Pork. The fo s owing 
are some of the conclusions: 

1. Excessive rain intensities for short-time intervals 
mostly occur in thunderstorms, or in storms of the 
thundemtorni type. 

2. Rainstorms producing maximum intensities are 
mostly the result of violent convection. 

3. The occurrence of thunder affords quite positive 
proof of the existence of suspension stora e, and the 
sudden recipitation of such storage is proba % ly a usual 

or 20 minutes. 
4. High rain intensities for longer intervals are probably 

due to storm gusts or pulses. 
5. High rain intensities for long periods are result of 

general cyclonic conditions. 
The writer has not attempted in this article to give 

definite formula of general applicability for the expres- 
sion of the relation between ram intensity, duration, and 
fre uency. It is hoped that the results ven will su est 

may afford a more complete basis for generalization. 

the several types into which these formulae have 

cause o P high rain intensities for short intervals of 5,  10, 

an 8 encourage further study along simi T ar lines, s u g  as 

The requirenienta for a rain intensity formula based on investigations 
thue far made may be stated BB follows: 

( 1) I t  diould indicate B finite intensity for zero duration and for the 
inininium exceedance frequency. 

(2) For a given duration the rain intensity should approach a finite 
iuaximum or limiting yalue as the exceedance interval increases. 

(3) The maximum or liuiiting value should decrease as the duration 
interval of the rain increases. 
(4) A single general type of formula should be applicable ovel 

estenPive geogra hic areas and& regions varying in amount of ~ e a ~ o n a r  
precipitation an$ thunderstorm frequency. 

(5)  The formula may contain constants whose valuesin turn can be 
expremed either in terms of unit rain intensity, thunderstorm frs  
quency. ur total recipitation during the thunderstorm seaeon. 
(6) The form 01 expression should he such as to give the required 

intensity in terms of duration and exceedance interval! so that when 
the constants are known for a given location intensities of varying 
duration. but of the same frequency, can be determined directly on 
the m e  hand, or intensities of the same duration but of varying ex- 
reedance intervals, can be obtained directly on the other hand.” 

The paper affords an admirable example of one of the 
points where the engineering rofession and the science 
of meteorology meet; indee$ where meteorology is 
indispensable.-6’. L. M. 


